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Abstract. Our program aimed to increase knowledge related to fermented foods. Over 400 stakeholders registered
for a webinar series that focused on defining fermented foods, health benefits of fermenting foods, and the safety
of fermented foods. Participants indicated increases in knowledge and overall satisfaction with the content of the
fermentation curriculum. The impact of the COVID-19 pandemic on the program outcomes are discussed.

INTRODUCTION
Fermented foods have been increasing in popularity in the
United States over the last several years, and consumers
are now interested in incorporating a variety of fermented
foods in their diets (Everett, 2019; Prince, 2018). The fermented foods and ingredients market is expected to grow
at a Compound Annual Growth Rate (CAGR) of 5–8%
through 2023 (currently >$600 billion) (Nielson-Stowell,
2017). The COVID-19 pandemic has accelerated growth in
the fermented food sector. Consumption of kombucha in the
United States has increased by 10.1% during the pandemic
(Domonoske & Schneider, 2020; Nielson-Stowell, 2020). U.S.
sauerkraut sales reportedly surged by 960% in March 2020
compared to the previous year, and kimchi sales grew by
952% year over year as measured in the week of February 16,
2020 (Manskar & Raskin, 2020). Many U.S. fermented food
producers indicate significant increases in sales since March
2020 (Nielson-Stowell, 2020). News coverage of research
indicating a potential correlation between the consumption of sauerkraut and a decrease in COVID-19 severity has
further spurred interest in fermented foods during the pandemic (Bousquet et al., 2021; Fonseca et al., 2020).
This increase in consumer demand for fermented foods
heightens the need to understand consumer and small-scale
processor knowledge of the nutrition and safety of these
foods. Food fermentation practices are extremely prevalent in U.S. households, and fermented foods are a popular
item produced by small-scale processors entering the food
industry (Holmes, 2020; Prince, 2018; Snyder et al., 2020).
Online communities and a number of in-person classes
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taught around the country evidence the high level of interest
and practice. In-home fermentation has also gained traction
as a result of the COVID-19 pandemic, a notable example
being the popularity of bread making (Holmes, 2020). As
fermented food consumption and production have increased
during the COVID-19 pandemic, it is important to provide
accurate information on safe production and nutritional
benefits to those manufacturing fermented foods at home or
commercially.

PURPOSE
Small-scale processors and consumers who would like to
rely on U.S. Department of Agriculture (USDA) and university Extension sources for reliable, appropriately tested, and
“approved” fermentation recipes and processes are frustrated
by the limited processes and recommendations. There is
no shortage of information available online related to production methods (recipes) and health benefits of fermented
foods. However, there is concern in the Extension community regarding the accuracy of that information. The authors
of most of these materials are not trained food safety specialists or microbiologists and do not provide any data to support
the nutritional and bioactivity claims of the final product.
Extension programming focuses on providing home food
preservers with safe methods and recipes as well as providing
accurate information related to the health benefits associated
with the consumption of fermented foods. This study evaluated the utility of online curriculum and tools for increasing
knowledge related to fermented foods.
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PROGRAM DESCRIPTION
PROGRAM DESIGN

In 2018, California Extension launched a project entitled
“Evaluating And Testing Lacto-fermentations Across the
Country” (EATLAC). The goal of the project is to expand
knowledge of fermentation and provide accurate information related to the production of fermented foods.
The project combines laboratory research with a robust
Extension and outreach component targeted to small-scale
fermented fruit and vegetable processors and consumers.
The team established a project website, newsletter, Facebook
account, and Instagram account to engage with stakeholders.
In February 2021, the “EATLAC webinar series: the science
of fermentation” was hosted live via Zoom. The anticipated
outcome was to increase the knowledge of consumers, processors, regulators, and Extension educators regarding the
definition, health benefits, and safety of fermented foods.
DEVELOPMENT OF WEBINAR CONTENT

A fermentation microbiologist and a food safety specialist
developed an outline of learning outcomes prior to developing webinar slides. Webinar 1 was entitled “What is a fermented food?”, and content was based on current scientific
literature and course material from an undergraduate Food
Microbiology course (Ganzle, 2019; Golomb et al., 2013;
Marco et al., 2021; Staley, 1997; Xue et al., 2021; Zaragoza et
al., 2017). The learning objectives for Webinar 1 included (a)
the definition of fermented food, (b) the types of fermented
food, (c) the basics of the fermentation process, and (d) the
microbiology of fermented food.
Webinar 2 was entitled “Benefits of fermenting food,”
and content was based on current scientific literature and
course material from a graduate Food Microbiology course
(Crakes et al., 2019; David et al., 2014; Derrien & van Hylckama Vlieg, 2015; Heeney et al., 2019; Hirao et al., 2014;
Kim et al., 2011; Lang et al., 2014; Marco et al., 2020; 2021;
Merenstein et al., 2020; Mozaffarian et al., 2011; Nielsen et
al., 2018; Plé et al., 2015). The learning objectives for Webinar 2 included (a) fermentation as a preservation technique,
(b) beneficial changes to food because of fermentation,
(c) health benefits associated with fermented food consumption, and (d) the definitions of prebiotic and probiotic.
Webinar 3 was entitled “Safety of fermenting food,” and
content was based on existing scientific literature and university Extension resources (Breidt & Caldwell, 2011; Breidt
et al., 2007; 2012; 2018; Cho et al., 2014; Inatsu et al., 2004;
Johanningsmeier & McFeeters, 2015; Medina et al., 2016;
Snyder et al., 2020). The learning objectives for Webinar 3
included (a) potential hazards in fermented foods, (b) ways
fermentation controls for potential hazards, and (c) keys
for ensuring a safe fermented food. In addition to webinar
presentation content, organizers developed three short supJournal of Extension		

plementary videos to provide practical guidance for producing home-fermented products based on current university
Extension recommendations (U.S. Department of Agriculture[USDA], 2015). The videos “Tips for fermenting fruits
and vegetables,” “Tips for making sauerkraut,” and “Troubleshooting fruit and vegetable fermentations” were shown at
the conclusion of webinars 1, 2, and 3, respectively. Webinar
recording links were posted online within a week of the live
event. The short videos were included in the webinar recording and posted as separate content.
RECRUITMENT OF PARTICIPANTS

The webinar had an online registration page. The page asked
participants to provide a name, email address, and company
or institutional affiliation. To recruit participants, webinar
organizers shared advertisements via social media, including
on the EATLAC Facebook page and Instagram account and
via collaborators’ social media profiles. The EATLAC newsletter, which is sent to a listserv of EATLAC project partners
and contacts, highlighted the webinar series. Additionally,
the advertisement was shared with university Extension
Master Food Preserver program leads in multiple states.
WEBINAR EVALUATION

To determine if the webinar content aligned with participant
expectations, the webinar series participants were asked to
answer the question “Did the webinar meet your expectations?” and respond with (1) Did not meet my expectations,
(2) Met some of my expectations, (3) Neutral, (4) Met most
of my expectations, or (5) Met all of my expectations. To
assess participant satisfaction with the webinar, participants
answered the question, “How satisfied were you with this
webinar?” as (1) Extremely dissatisfied, (2) Somewhat dissatisfied, (3) Neutral, (4) Somewhat satisfied, or (5) Extremely
satisfied. Surveyors used Qualtrics® XM (https://www.qualtrics.com) to administer the survey after the conclusion of
each webinar.
LEARNING OUTCOME EVALUATION

In order to determine what webinar participants learned, we
developed a retrospective pre-/post-test based on learning
objectives for each webinar. The questions were embedded
in the webinar evaluation survey. Participants were asked to
gauge their understanding of key concepts before and after
the webinar as either “No understanding” (scored 1), “Minimal” (scored 2), “Moderate” (scored 3), “Good” (scored 4),
or “Very Good” (scored 5). The minimum, maximum, mean,
standard deviation, and variance were calculated for the preand post-test. The difference in the self-reported knowledge
after attending the webinar was calculated by subtracting the
mean of the scores for the pre-test from the mean of scores
from the post-test. A paired-samples t-test was used to analyze pre-/post-test data and compare mean differences in
Volume 60, Issue 4 (2022)
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self-reported level of understanding for each knowledge area
evaluated.

RESULTS
WEBINAR PARTICIPATION

A total of 478 individuals registered for the webinar series.
Most participants provided a name, email, and company or
institutional affiliation. Among those registered, 259 individuals provided information on their affiliation (54.2% of registrants). Of those reporting, 92 were from industry (35.5%),
97 were from academic institutions (37.5%), 37 were regulatory or government (14.2%) and 33 identified as consumers
(12.7%). The other 219 individuals (45.8%) did not provide
information on their company or institution. The number
of participants in live Webinars 1, 2, and 3 were 125, 131,
and 99 respectively. The recording of Webinar 1 (“What is
a fermented food?”) was viewed 503 times as of February
22, 2022. The short video accompanying webinar 1 (“Tips
for fermenting fruits and vegetables”) was viewed 241 times
during the same period. The recording of Webinar 2 (“Benefits of fermenting food”) has been viewed 173 times as of
February 22, 2022. The short video accompanying Webinar 2
(“Tips for making sauerkraut”) was viewed 73 times during
the same period. The recording of Webinar 3 (“Safety of fermented food”) has been viewed 233 times as of February 22,
2022. The short video accompanying Webinar 3 (“Troubleshooting fruit and vegetable ferments”) was viewed 53 times
during the same period.
WEBINAR EVALUATION AND ASSESSMENT
OF LEARNING OUTCOMES

Fifty-eight individuals completed the evaluation survey for
Webinar 1 (46.4% of webinar participants). The response rate
for Webinar 2 was 34.4% (45 responses). Thirty-three individuals completed the evaluation survey for Webinar 3 (33.3% of
webinar participants). The authors used paired t-tests (significance level α=0.05) to determine changes in knowledge
between pre-test and post-test data. Statistically significant
increases in knowledge were observed for all evaluated content areas as a result of the educational intervention. Tables
1–4 describe the webinar evaluation and assessment of learning outcomes in participants.

DISCUSSION
The EATLAC webinar series “The science of fermentation”
reached a wide range of stakeholders—including consumers, industry employees, regulatory personnel, and academics—with interest in fermented foods. Moreover, stakeholder
engagement came from across the United States and abroad.
However, one limitation of this work is the lack of demographic information such as age, race, and education level
Journal of Extension		

collected during program evaluation. This information may
allow for a deeper understanding of the diversity of those
engaged by the program. The majority of participants (>80%)
reported the webinar series met most or all of their expectations and were somewhat or extremely satisfied with the
webinars. As with many online evaluation tools, the response
rate to post-webinar evaluation surveys ranged from 33–46%
of total live participants. Overall, the participants that completed the retrospective pre-/post-test indicated increases
in knowledge in all content areas evaluated. While 478
individuals registered for the webinar series, approximately
100 participants attended each Zoom webinar. However, by
recording and posting content on YouTube, these materials
Table 1. Webinar Evaluation

Webinar 1
What is a fermented food?
Did the webinar meet
your expectations?

Did not meet my expectations: 6.45%
Met some of my expectations: 6.45%
Neutral: 8.06%
Met most of my expectations: 35.48%
Met all of my expectations: 43.55%

How satisfied were you
with this webinar?

Extremely dissatisfied: 1.69%
Somewhat dissatisfied: 1.69%
Neutral: 3.39%
Somewhat satisfied: 28.81%
Extremely satisfied: 64.41%

Webinar 2
Benefits of fermenting food
Did the webinar meet
your expectations?

Did not meet my expectations: 2.22%
Met some of my expectations: 6.67%
Neutral: 4.44%
Met most of my expectations: 51.11%
Met all of my expectations: 35.56%

How satisfied were you
with this webinar?

Extremely dissatisfied: 0.00%
Somewhat dissatisfied: 2.33%
Neutral: 2.33%
Somewhat satisfied: 44.19%
Extremely satisfied: 51.16%

Webinar 3
Safety of fermented food
Did the webinar meet
your expectations?

Did not meet my expectations: 3.03%
Met some of my expectations: 0.00%
Neutral: 6.06%
Met most of my expectations: 36.6%
Met all of my expectations: 54.55%

How satisfied were you
with this webinar?

Extremely dissatisfied: 6.06%
Somewhat dissatisfied: 6.06%
Neutral: 6.06%
Somewhat satisfied: 24.24%
Extremely satisfied: 57.58%
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Table 2. Learning Outcomes in Participants in Webinar 1 (“What is a Fermented Food?”)

Pre-test
Mean level of
understanding

Definition of fermentation

Post-test
SDa

Mean level of
understanding

SD

Change in level of understanding
after attending webinar

3.72

± 0.93

4.44

± 0.69

+0.72*

General steps needed to set up a
fermentation

3.66

± 1.10

4.28

± 0.77

+0.62*

Different types of microorganisms needed
to make fermented food

3.20

± 1.07

4.13

± 0.86

+0.92*

Knowledge area

Sources of fermentation microbes

3.16

± 1.10

4.10

± 0.88

+0.50*

Role of spoilage microorganisms in causing
a failed fermentation

3.16

± 1.03

3.90

± 0.92

+0.74*

SD – standard deviation
*Denotes significant difference (p≤0.05) comparing pre-test and post-test self-reported level of understanding after attending webinar 1,
n = 58.

a

Table 3. Learning Outcomes in Participants in Webinar 2 (“Benefits of Fermenting Food”)

Pre-test
Mean level of
understanding

Established benefits (and risks) of
fermenting food

Post-test
SDa

Mean level of
understanding

SD

Change in level of understanding
after attending webinar

3.50

± 0.92

3.93

± 0.94

+0.43*

Health benefits associated with
fermented food consumption

3.48

± 0.92

3.9

± 0.90

+0.43*

Ways in which microbial growth and
activity make foods healthier

3.14

± 0.99

3.86

± 0.94

+0.72*

Definition of probiotics and relation to
fermented food

3.34

± 1.02

4.14

± 0.87

+0.80*

Knowledge area

SD – standard deviation
*Denotes significant difference (p≤0.05) comparing pre-test and post-test self-reported level of understanding after attending webinar 2,
n = 45.

a

Table 4. Learning Outcomes in Participants in Webinar 3 (“The Safety of Fermented Food”)

Pre-test
Mean level of
understanding

Biological hazards associated with
fermented fruits and vegetables

Post-test
SDa

Mean level of
understanding

SD

Change in level of understanding
after attending webinar

3.52

± 0.89

4.09

± 0.90

+0.57*

Role of fermentation in the control of
biological hazards

3.36

± 0.98

4.15

± 0.86

+0.79*

Importance of high acidity (low pH) in
controlling biological hazards

3.88

± 0.84

4.45

± 0.74

+0.57*

Role of salt in fermentation

3.85

± 0.89

4.42

± 0.70

+0.57*

Common spoilage issues encountered in
fruit and vegetable fermentation

3.55

± 1.05

4.15

± 0.89

+0.60*

Knowledge area

SD – standard deviation
*Denotes significant difference (p≤0.05) comparing pre-test and post-test self-reported level of understanding after attending webinar 3,
n = 33.
a
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have been collectively viewed over 1,000 times each, which
exceeds the original webinar registration numbers. Moreover, these materials are likely to continue to be utilized in
the future. The EATLAC webinar series provided a unique
opportunity to tap into two COVID-19 pandemic related
impacts, enhanced stakeholder usage of online meeting platforms and increased stakeholder interest in fermentation.
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